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SUMMARY 


Since  1972,  observationB  vith  the  PZT  have  been  carried  out 
regularly  in  Potsdam.  The  principles  of  construction  and 
the  operating  mode  of  the  instrument  are  described.  Prom  the 
fundamental  relations  between  image  point  coordinates,  star 
positions  and  station  coordinates,  the  imaging  equations  are 
developed  and  the  basic  formulas  for  the  evaluation  are  de- 
rived therefrom.  The  influence  of  azimuth  and  reversal  errors 
on  the  time  and  latitude  determination  is  examined  from  the 
point  of  view  of  error  theory.  For  the  reduction  of  the  obser- 
vations, star  locations  are  used  since  197^,  which  were  improved 
on  the  basis  of  the  results  of  1972  and  1973.  In  an  accuracy 
analysis,  the  influence  of  various  sources  of  error  are  examined 
and  the  efficiency  of  the  Instrument  is  estimated.  The  random 
errors  obtained  in  time  and  latitude  determinations  are  com- 
pared with  the  values  which  can  be  expected  theoretically. 

The  results  for  1972  to  197^  are  summarized  in  the  appendix. 

1.  IMTRODUCTIOH 

The  photographic  zenith  telescope  (PZT)  is  used  as  an  efficient 
instrument  for  geodetic-astronomical  time  and  latitude  determi- 
nations at  fixed  stations  for  the  determination  of  data  for 
the  investigation  of  the  rotating  behavior  of  the  earth.  In 
comparison  with  other  types  of  instruments,  which  are  used  for 
the  same  purpose,  the  PZT  has  some  advantages. 

Because  the  observation  process  is  performed  automatically  and 
is  controlled  by  a program  circuit,  human  errors  have  no  effect 
in  the  observation  and  the  observer  is  largely  relieved.  Bis 
activity  consists  of  the  preparation  of  the  instrument,  of  the 
time  recording  apparatus  and  of  the  program  controller,  the 
insertion  of  the  cassette,  the  starting  of  the  program  at  the 
predetermined  point  in  time,  the  control  and  monitoring  of  the 
program  operation  and  the  removal  of  the  cassette  at  the 
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coaplction  of  the  observation. 

Because  of  the  observation  in  the  isuaediate  vicinity  of  the 
senlth,  refraction  errors  play  a subordinate  role.  Their  in- 
fluence is  further  reduced  by  the  nethod  of  evaluation  and  by 
the  configuration  of  the  star  program.  Influences  of  instru- 
ment errors  are  also  largely  eliminated  by  the  principle  of 
construction  of  the  PZT.  The  specified  tolerances  for  instal- 
lation and  adjustment  can  be  maintained  vithout  difficulty. 

Last  but  not  least,  the  PZT  is  superior  to  the  other  types  of 
Instruments  because  of  its  greater  dimensions  in  comparison 
vlth  the  passage  Instrument  and  Astrolab. 

One  disadvantage  of  the  PZT  results  from  the  fact  that  the  ob- 
servation is  carried  out  only  in  the  Immediate  vicinity  of  the 
xenith  and  stars  can  therefore  only  be  observed  in  a small  de- 
clination zone.  Therefore,  fundamental  stars  are  hardly  avail- 
able and  the  program  must  be  composed  of  stars  of  vhich  the  lo- 
cations and  inherent  motions  are  initially  not  knovn  vith  ade- 
quate accuracy  and  must  still  be  improved  vith  the  aid  of  PZT 
observations  and  special  observations.  Another  disadvantage 
consists  of  the  use  of  the  photographic  plate  as  intermediate 
storage,  vhich  makes  the  evaluation  process  very  time-consuming. 

The  PZT,  vhich  vas  built  in  the  institute  vorkshop  of  the  ob- 
servatory Babelsberg  (Figure  1),  vas  tested  by  the  Geodetic- 
Astronomical  Observatory  of  the  Central  Geophysical  Institute 
folloving  acceptance.  Some  instrument  improvements  have  been 
carried  out  on  the  basis  of  experiences  accumulated  during  the 
experimental  observations.  The  Instrument  is  installed  in  the 
vest  meridian  house  on  the  grounds  of  the  observatory  in  Babels- 
berg. Sice  1972,  it  has  been  used  regularly  for  time  and 
latitude  determinations. 
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2.  PBIHCIPLE  OF  COHSTRUCTIOH  AHD  OPERATING  MODE  OF  THE 
INSTRUMENT 

In  comparison  vith  other  Instrumenta  for  the  geodetic-astrono- 
mical locus  and  time  determination,  the  PZT  is  excels  by  the 
0]^timum  elimination  of  the  influence  of  instrument  errors. 

4 

All  more  accurate  observation  methods  of  geodetic  astronomy 
are  based  on  the  stabilization  of  the  azimuth  circles  or  almu- 
cantars  defined  by  the  observation  instrument  during  the  tran- 
sit of  the  star.  In  the  case  of  the  PZT,  which  has  a vertical 
optical  axis,  the  stabilization  is  carried  out  by  a mercury 
horizon  located  in  the  half  focal  distance.  The  image  plane 
is  located  in  the  image-side  principal  plane  of  the  objective, 
which  assures  that  depth  errors  between  mercury  horizon  and 
objective  can  have  no  technical  effect.  They  would  only  have 
the  effect  of  a deterioration  of  the  image  quality  on  the  pho- 
tographic plate. 

The  fundamental  optical  configuration  of  the  PZT  is  illustra- 
ted in  Figure  2.  After  the  rays  have  passed  the  objective  1, 
they  are  reflected  on  the  mercury  horizon  2 and  produce  an 
image  on  the  photographic  plate  3,  which  is  located  in  the  image- 
side  principal  plane  of  the  objective  and  can  be  moved  in  the 
west-east  direction.  The  evaluation  principle  of  the  PZT  re- 
quires that  four  images  are  produced  for  each  star  transit, 
whereby,  between  the  individual  exposures,  the  head  of  the 
instrument  must  be  turned  by  l80^.  Follow-up  of  the  photo- 
graphic plate  and  rotation  of  the  hea^.  of  the  instrument  bet- 
ween the  individual  observations  are  carried  out  automatically 
during  the  observation  cycle. 

As  shown  in  the  following  chapter,  the  zenith  distance  and  the 
meridian  transit  time  can  be  determined  from  the  coordinate 
differences  of  the  four  images,  which  are  produced  during  a 
star  transit,  if  the  mean  time  of  the  four  exposures  is  given. 


The  time  pattern  of  the  ohaervation  of  the  transit  of  a star 
is  Illustrated  in  Figure  3*  The  total  ohservation  cycle  takes 
120  seconds,  each  exposure  20  seconds,  and  the  instrument  head 
is  turned  vithin  10  seconds.  All  necessary  motions  and  control 
commands  are  carried  out  automatically  by  the  drive  mechanism 
(Figure  1*). 

t 

t 

$ 

When  the  starting  impulse  is  Initiated,  the  starting  magnet  5 
pulls  in  the  gear  coupling  15  and  connects  the  cycle  drive  h 
vith  the  second  shaft  2*  The  speed  reduction  from  the  second 
shaft  to  the  cycle  drive  is  30:1.  After  5 seconds,  the  contact 
is  closed  by  the  cycle  drive.  In  this  manner,  the  bevel  gear 
return  drive  3 for  the  transport  of  the  plate  stage  is  coupled 
through  the  coupling  magnet  9.  At  the  same  time,  the  exposure 
shutter  is  opened.  The  coupling  of  the  bevel  gear  return  drive 
takes  place  through  follower  pins  ll*,  whereby  the  coupling 
takes  place  for  left-hand  or  right-hand  operation,  depending 
on  the  position  of  the  instrument  head.  Vith  respect  to  the 
second  shaft,  the  bevel  gear  return  drive  is  operating  at  a 
reduction  of  2:1.  The  drive  spindle  7,  which  rotates  with  the 
bevel  gear,  moves  a nut  6,  through  which  the  plate  stage  13, 
which  is  pressed  against  the  moving  mechanism  by  means  of  spring 
force,  is  moved.  The  drive  spindle  has  a pitch,  which  is  adap- 
ted to  the  geographical  latitude  of  the  location  of  the 
installation. 

In  addition  to  the  plate  stage,  the  drive  spindle  rotates  a 
shaft,  at  a ratio  of  20:1,  with  cams  6,  which  are  used  to  ener- 
gize the  stop  contact  and  the  relay  circuit  for  the  reversal 
of  the  instrument  head.  After  reversal,  which  takes  7 seconds, 
a new  exposure  cycle  is  initiated  after  3 seconds.  The  obser- 
vation is  stopped  through  a time  relay  in  the  control  device. 

A piacryllc  disc  11  is  connected  with  the  drive  shaft,  serving 
as  time  contact  generator.  This  piacrylic  disc  has  a light 
gap,  permitting  the  passage  of  light,  which  comes  from  a lamp 
with  optical  imaging  device  12,  at  an  appropriate  position  of 
the  disc  and  thus  makes  possible  the  imaging  of  the  lamp 
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Tine  Pattern  of  the  Instrument  Functions  During 
A Star  Transit 
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eoil  on  a photodiode.  This  produces  a starting  impulse,  vhich 
initiates  an  electronic  time  interval  metering  device.  It  ob- 
tains the  stopping  impulse  through  the  second  contacts  of  the 
time  service  of  the  geodetic-astronomical  observatory.  During 
the  rotation  of  the  drive  spindle,  the  fractions  of  seconds 
,of  a point  in  time  are  recorded  per  exposure  in  this  manner. 
The  mean  of  the  four  recorded  times  corresponds  to  the  frac- 
tions of  seconds  of  the  mean  time  of  the  observation  cycle. 

The  second  shaft  2 is  driven  by  a 1000  Hz  synchronous  motor  1, 
vhich  is  controlled  by  the  normal  frequency  of  a quarz  clock. 


The  functional  diagram  of  the  PZT  is  illustrated  in  Figure  3* 
The  components  illustrated  below  the  dotted  line  are  located 
on  the  instrument,  while  those  above  the  line  are  accomodated 
in  a separate  control  room. 


The  observation  cycle  can  be  initiated  for  each  star  by  manual 
starting,  or  it  can  be  initiated  for  the  entire  program  of  a 
night  by  means  of  the  program  generator.  The  above-described 
configuration  of  the  drive  mechanism  and  its  association  with 
the  time  contact  generation  assure  a realtionship  of  the  star 
images  with  the  time  contact,  vhich  is  largely  uninfluenced 
by  adjustment  errors. 


T) 


If,  during  an  exposure,  a time  interval  dt  elapses  from  the 
beginning  of  the  motion  to  the  time  contact  generation,  the 
time  interval  in  the  instrument  head  in  the  position  vhich  is 
rotated  by  l80°,  amounts  to  2s  - ^t.  The  mean  of  the  time 
recordings  of  all  four  exposures  would  thus  result  in  the  time 
mean  of  the  exposures,  vhich  are  displaced  by  1 second.  How- 
ever, this  necessary  correction  has  no  significance  for  the 
evaluation  of  the  PZT  observation,  because  fractions  of  seconds 
are  taken  into  consideration  anyway. 

In  a manner  similar  to  the  time  interval  from  the  beginning 
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Figure  Functional  Diagram  of  the  PZT 
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positions  of  the  follower  pins  lU  (Figure  are  compensated 
by  the  opposite  motion  in  the  tvo  positions  Of  the  instrument 
head.  Irregular  errors  in  the  drive  are  equalized  by  time 
summing  during  the  exposure. 

3,  THEORY  OF  THE  EVALUATION 

3.1.  Fundamental  Relationships  Between  Image  Coordinates, 
Declination.  Hour  Angle  and  Geographic  Latitude 

We  specify  an  image  coordinate  system,  of  which  the  y'-axis 
points  south  and  the  x*-axis  west.  A spatial  rectangular  co- 
ordinate system  is  so  oriented  that  its  positive  z-axis 
points  to  the  north  pole,  the  x-axis  is  parallel  to  the  x'-axis 
and  the  y-axis  lies  in  the  meridian  plane. 


Figure  6.  Image  Coordinate  System  and  Spatial  Coordinate  System 

Figure  6 shows  the  relative  position  of  the  various  coordinate 
systems.  In  the  spatial  coordinate  system,  the  unit  vector 
in  the  direction  of  the  star  becomes 


(1)  a - 


(ees  S sin  t' 
ees  e oes  t 
sin  s 
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The  telescope  axis  (Isaging  constant  c)  is  illustrated  by 


the  vector 


(2)  c • e 


[^::1 


The  image  coordinate  system  is  defined  by  the  unit  vectors 
i^  the  direction  of  its  coordinate  axes: 


(3)  f - 


j • . Isis  e I . 

1 -eoa  eJ 


The  position  vector  of  the  star  image  in  the  image  plane  is 
obtained  in  accordance  with  the  vectorial  realtionship 

(♦)  t -Xs  -e» 

wherein  A results  from  the  scalar  product 

-.s»Xs.*-®*'«0 


(3)  X 


s • c 


The  image  coordinates  are  obtained  from  (U)  on  the  basis  of 
the  relationships 

2 ■ . t* 

fx*  - r.l*  -xs  .i*  - • : : • 


f*.  - g .1*  -X. 

ly  - t .!•  - xs  .1*  - 


In  consideration  of  formulas  (l)»  (2)  and  (3)»  the  following 
relationships  result  from  (6)  between  the  image  coordinates, 
the  astronomical  equatorial  coordinates  and  the  geographic 


latitude : 


f «'  - • sin  e ooeV®®®  4 * 


In  the  following,  (7)  will  be  designated  as  imaging  equations 
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3.1.1.  Considerations  of  the  Influence  of  Diffraction 

Formula  (7)  represents  the  purely  geometrical  relationship 
between  the  astronomical  and  the  image  coordinates.  In  it, 
the  actual  pattern  of  the  light  ray,  which,  as  is  known,  is 
curved  due  to  astronomical  refraction,  is  not  yet  taken  into 

4 

consideration. 

In  order  to  make  it  possible  to  consider  the  influence  of  re- 
fraction, we  derive  the  relationships  between  the  image  coor- 
dinates and  the  horizon  system  in  accordance  with  Figure  6. 
These  become: 

(8)  X*  • f tan  s sin  a,  j*  • t tan  a cos  t . 

In  (8),  fxc  is  the  focal  distance  of  the  PZT  and  z the  zenith 
distance.  It  is  known  that  the  relationship  between  the  actual 
zenith  distance  z and  the  zenith  distance  z^^,  which  is  altered 
due  to  the  refraction,  is 

(9)  ■ - • *0 

wherein  rQ  ■ 0.000  29^  is  the  coefficient  of  refraction.  Be- 
cause only  stars  are  observed  with  the  PZT,  which  are  near  the 
zenith , 

B • taa  a, 

so  that,  from  (9) 

(10)  tan  Sg  ■ (1  - »0)  ■ 

results.  It  follows  from  (10)  that  the  relationships  (8)  re- 
main valid  when 

a - (1  - r,)  t. 

Consequently,  refraction  need  not  be  taken  into  consideration 
if  the  evaluation  method  of  the  PZT  is  so  designed  that  c is 
also  determined  as  an  unknown. 
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Any  linear  proportion  of  the  distortion  of  the  ohjectire, 
vhlch  Bay  be  present,  can  be  compensated  in  the  saae  Banner. 
Because  of  the  slight  inclination  of  the  principal  rays  vith 
respect  to  the  optical  axis,  the  influence  of  distortion  pro 
portions  of  a higher  order  can  he  neglected. 


3.1.2. 


Series  Developments  of  the  Imaging  Equations 


i 
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Because  zenith-near  stars  are  observed  vith  the  PZT,  it  is 
possible  to  introduce  series  developments  for  the  angle  func- 
tions of  the  hour  angles  in  (7).  If  ve  set 

ees  t • 1 ^ t nin  t • t ^ 

and  take  into  consideration  that,  for  the  meridian  zenith  dis- 
tance 

% • e - » 

applies,  then 

sin  e sin  6 ♦ eos  f ees  ft  • ees  s^  *•  ^ ~ ^ * 

•I 

sin  e eos  6 - eos  e *1"  ft  * *1°  * *s  * o * 

If  ve  nov  illustrate  the  still  remaining  functions  of  6 as 
functions  of  the  geographic  latitude  f and  of  the  zenith  dis- 
tance z , the  folloving  is  obtained  from  (7),  after  some  ele- 
m 

mentary  transformations: 


(X*  • e eos  e t ♦ e sin  e t ♦ I eos  e (eos%  - j)  •••  t 

y*  m e - § sin  2 s 4 ^ eos  2 e t*'  ♦ ^ ••• 

Ve  vant  to  investigate  vhich  errors  develop  by  neglecting  the 
terms  of  the  third  order.  The  folloving  parameters  apply  to 
the  Potsdam  PZT: 


^ . 52*2^*. 
«.  9779  am. 


SOS  e • 0,6101, 

jtn  ^ • 0,7929» 
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The  ■exinel  senith  dletencet  vhich  can  still  be  observed, 
amounts  to 

% • IS*  , 

and  an  hour  angle  cannot  exceed 
t • 60* 

With  these  values,  the  following  terms  of  the  third  ofder 
result : 

I eos  f (cos**  - ?)  t’  - 5.7-10-®  as. 

I ees  2 e s,  ♦ I s^  • as  . 

Both  terms  provide  maximum  errors,  vhich  are  far  below  the 
standard  deviation  of  the  image  corrdinate  measurement  (about 
plus  or  minus  2^m).  Further  investigations  can  be  based  on 
the  equations 

(12)  *•  - c cos  e ♦ ♦ ® •*a**  F'***a”i  2 e t 

3.1.3.  The  Modification  of  the  Imaging  Equations  Resulting 
from  the  Motion  of  the  Plate  Carrier  During  Exposure 

A static  imaging  process  was  assumed  in  the  investigations  so 
far.  As  a result  of  the  finite  exposure  time  and  the  follow- 
up of  the  plate,  vhich  is  thus  necessary,  the  imaging  process 
is  actually  dynamic.  This  must  be  taken  into  consideration  in 
the  equations,  vhich  are  the  basis  of  the  evaluation. 

We  Introduce  the  following  quantities  for  the  further  inves- 
tigations: t^  as  the  point  in  time  of  the  beginning  of  the  ex- 
posure, <)r  as  the  exposure  time  (time  of  follow-up),  t^  ■ t^ 

4-  t/2  as  the  middle  of  the  exposure  and  t_  as  the  point  in  time 
of  the  meridian  transit.  In  the  following,  t is  the  continu- 
ous time  recording.  With  the  above  designatlosus , the  following 
results  in  accordance  with  (12): 
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^ MS  « (t  - ^ SlB  9 (t  - t^) 

<^-|^«la29  (t-t,)* 
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1%  has  also  been  taken  into  consideration  in  (13)  that  t is  | ] 

I 

Introduced  in  time  seconds  and  z in  angle  seconds.  ■ 

m I 4 


From  (13),  ve  obtain  the  velocity  of  motion  of  a star  image 
in  the  image  plane 


(l^)  • ft 


p2i  ees  e ♦ slB  9 s^) 


I-  f ^ sin  2 9 (t  - t,). 


(lU)  gives  the  speec  of  motion  of  the  PZT  plate  carrier,  which 
is  necessary  to  produce  a point-shaped  image  of  the  star.  Be- 
cause a straight-line  motion  in  the  direction  of  the  x*  axis 
of  the  image  coordinate  system  takes  place  in  the  PZT  with  a 
speed  of  1^  c cos  f/f  , strictly  speaking,  an  a priori  point- 
shaped image  is  not  assured.  In  addition  to  this  error  influ- 
ence, which  is  a function  of  the  construction,  it  must  also  be 
taken  into  consideration  that  the  direction  of  motion  of  the 
plate  carriage  can  include  an  angle  » (plate  stage  azimuth) 

with  the  X*  axis.  The  actual  speed  of  motion  v_  can  also  de- 

P 

viate  from  the  above  nominal  value.  If  we  designate  the  velo- 
city vector  of  the  plate  motion  with 


(15)  s,  - 


▼y  SOS  a 


sla  a| 


the  necessary  condition  b.  - b_  « 0 is  not  fulfilled  as  a rule 

s p 

and  we  must  expect  a velocity  difference 


j 


(i*) 


-li- 


as a rasult  of  vbieh  we  obtain  a. positional  error  of  the 
centroid  of  the  star  Image 

AT 

<i?>  ig  • I 7 ^ 

♦e 

Vith 

* 

i^eMfe^aiae  ^ 

. I sia  8 e (t  - ♦ Tp  sla  aj 

'(lie  result  is^  in  accordance  vlth  (17) 


<18)  ^ 


’ISi 

f 


ala2f 


If  ve  set 


• ^ Ml 


• e ♦ de 


then 


(19)  dc 


♦si- — 

. 1 1 1 5)  5 

P 


For  it  ■ 0 and  a.  ■ o,  we  obtain,  from  (19)*  the  positional 
error,  which  is  a function  of  the  construction 


^ ssae  si 

p 

. I ^ sia  a e (t.  - \*v\ 

p 


Vith  (13),  the  result  is,  in  accordance  with 


th«  Bodifivd  iaaging  •quation*  In  consideration  of  snail 
angles  c*  ve  obtain  for  Its  coaponents: 


<«) 


w> 

(7;) 


<♦,  - o ♦ ^ - V s ♦ S ^ •I*’* 

e • e ■ ^ . 

♦ 3SSo  T « dve  • 
dp 


The  abore  equations  are  the  Inaging  equations  of  the  PZT  vith 
consideration  of  the  dynamic  exposure  process.  In  order  to 
obtain  equations,  which  can  be  made  the  basis  of  the  eraluation 
of  the  PZT  obserTatlons , the  pattern  of  the  obserration  cycle 
must  first  be  analyzed  more  closely. 


3.2.  The  Observation  Cycle 

Four  exposures  are  made  in  the  observation  of  the  star  transit 
vith  the  PZT.  Between  exposures,  the  plate  Is  rotated  by  l80^ 
(reversal).  In  general,  the  observation  cycle  starts  when  the 
drive  motor  for  the  plate  follow-up  is  lochted  to  the  east  of 
meridian  (position-east).  In  this  situation,  the  position  of 
the  image  coordinate  system  (positive  image),  which  is  illus- 
trated in  Figure  6,  should  prevail.  Figure  7 shows  the  develop- 
ment of  the  four  exposed  star  images  in  accordance  vith  the 
time  pattern  given  in  Figure  2. 

The  first  exposure  (t  ■ 20  seconds),  during  which  the  plate 
stage  follows  up,  begins  5 seconds  after  the  initiation  of  the 
observation  cycle.  If,  at  the  beginning  of  the  exposures, 
senith  image  and  plate  time  (Z  ■ Z')  coincide,  Z*  is  moved  in- 
to the  (Z*  ■ Z^)  position  as  a result  of  the  plate  motion. 

The  amount  of  the  displacement  is  15  c cos^  v/p  • Due  to  the 
reversal,  the  plate  senith  reaches  the  position  (Z*  ■ 
is  transported  into  the  initial  position  (Z  ■ Z*)  during  the 
next  displacement.  The  process  is  repeated  in  the  same 
manner  for  the  third  and  fourth  exposures. 
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Figure  7*  The  BelatiTe  Position  of  the  Star  Images 

The  star  positions  (l'«  2*,  3'«  ) in  the  image  plane  at  the 

beginning  of  the  exposure  are  illustrated  in  Figure  7*  The 
exposure  of  positions  1'  and  3*  takes  place  in  the  position- 
east,  so  that  their  images  on  the  photographic  plate  hare  the 
same  position  as  in  the  image  plane.  The  exposure  of  2*  and 
takes  place  vith  the  plate  rotated  by  l60^  and  displaced 
by  13  e eos^  • vith  the  result  that  the  photographic  images 
are  in  positions  2 and 

If  the  image  coordinates  in  the  initial  position  (Figures  1 
and  3)  are  designated  and  yj^,  then,  on  the  basis  of  the 

L_ 
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rotatlon  and  dinplaenaent  of  the. plate, 

(t2)  six  • ^ eee  e T , • yjj  • 

The  image  coordinates  given  by  (21)  must  be  introduced  in  (22) 

for  position  I. 

« 

s 

3«2»1*  The  Influence  of  the  Reversal  Error 

In  the  above  derivations,  ve  had  quietly  assxuaed  that  the  re- 
versal takes  place  vithout  error,  i.e.  the  head  of  the  instru- 
aent  is  rotated  by  exactly  160°.  However,  this  assumption 
will  not  be  fulfilled  in  practice  and  ve  must  assume  that  the 
angle  of  rotation  deviates  from  180°  by  an  amount  (reversal 
error).  This  error  influences  the  image  coordinates  in  two 
different  ways: 

1.  The  direction  of  motion  of  the  plate  stage  has  a different 

azimuth  error  in  position  II  than  in  position  I.  As  a 
result,  the  imaging  equations  (21)  change  for  this  posi- 
tion. 

2.  The  transformation  between  the  image  coordinates  in  posi- 

tions I and  II  must  be  carried  out  with  an  angle  of  rota- 
tion 180°  * or. 

We  take  the  first  effect  of  the  reversal  error  Into  considera- 
tion by  replacing  in  (21)  by  (^  ^ ^),  and  the  transformation 
between  the  image  coordinates  is  carried  out  in  accordance 
with  the  formulas 

(i4j  • -(s*)  eea  (y*)  ela  ^ ease  T • -(x*)  « {j*)  t . ^ Me  v, 
yJl'  • -(y')  eos  • - (*•)  ala  ti  « -(y')  - (x*)  ■-  • 
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An  laTsitlgatioa  of  the  order  of.Begnltude  of  the  coefficients 
of  dC  aad  p shove  that  It  is  possible  to  liait  to  linear  terms 
in  our  imaging  equations  because  of  the  small  values  of  these 
angles.  With  consideration  of  (22)  and  (23)»  the  following 
imaging  equations  result  from  (21): 

« • 

m ^ CM  e (t.  - V ^ ^ * V S ” i • 

• } S “ ^ - ♦a>*  " ^ fz  ♦ 

P r 

♦ eos  f T a f 

(**)  *£j  - ^1*  eos  e (*0  “ t^)  - ^ ete  ♦ ^*ii  " S * I ^ V ” 


.ISi 


•ea  f T 


til  - - J ^ .to  2 s (t^  - t,)®  ♦ S|S  ^ 2 f (t„  - t,)  T - 

- ^ eoa  e T « ♦ (♦©  “ • • 


In  (2U),  ve  introduce  the  following  designations  for  the  coef- 
ficients, which  are  a function  of  the  location  and  of  the  con- 
struction of  the  PZT: 


# 


K • * 


Thus,  the  following  form  of  the  imaging  equations  is  obtained 
from  (2l»} : 

•1  - 

4l  - (♦,  - V - <*«  - s ♦ i ? V - V * 

yii  • “V  ^ V {^*0  - ^ ^ - V«  - 


l 
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3*3.  The  Selationehips  Between  the  Coordinate  Bysten  of  the 
Iralnatlen  Apparatue  and  the  Inage  Coordinate  System 

The  eraluatlon  of  the  PZT  plates  la  carried  out  in  the  Geodetie- 
Astronomical  Obserratory  Potsdam,  using  the  coordinate  measur- 
ing apparatus  "Aseoreeord"  of  VEB  Carl  Zeiss  Jena*  In  this 
manner,  coordinate  ralues  in  the  system  of  the  measuring  appa- 
ratus result.  The  measurement  is  carried  out  on  the  exposed 
negatire  plates  of  the  PZT  observation. 

For  a closed  form  of  the  evaluation,  it  is  appropriate  to  form 
the  imaging  relationship  between  measured  coordinates  - in  the 
system  of  the  coordinate  measuring  apparatus  - and  the  spheri- 
cal values  and  t^.  Figure  8 illustrates  the  relationships 
between  the  coordinate  systems  of  the  positive  image,  of  the 
negative  image  and  of  the  coordinate  measuring  apparatus. 


Positive  Image  negative  Image 


Figure  8.  The  Relative  Position  of  the  Coordinate  Systems  of 
the  Positive  Image,  of  the  Negative  Image  and  of 
the  Coordinate  Measuring  Apparatus 

If  we  now  still  take  into  consideration  that,  generally,  an 
orientation  error  G exists  between  the  image  coordinate  system 
and  the  apparatus  coordinate  system,  the  following  transforma- 
tion equations  are  easily  read  from  Figure  6: 

<27)  W*  • ysMg-  ssiaeey,,  *•  - -«  ew  e - y sla  t ♦ ^ . 
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3.*».  PTlTatlon  of  the  Fundmental  roraula  for  the  Eralttatlon 


The  determination  of  the  geographic  latitude  and  Vise  correc- 
tion ia  carried  out  in  acoordance  vith  foraulae 

CM)  •kCa-t  - “ *a  ♦ * 

• 

vhere  i ia  the  declination,  a the  right  ascension,  A the  geo- 
graphic longitude,  SZ^  the  star  time  for  aero  hours  earth 
time,  k « 0.997  269  57^^s  the  conversion  factor  of  star  time 
intervals  into  intervals  of  mean  time  and  0.021  second  is  the 
correction  as  a consequence  of  daily  aberration.  s_  and  t_ 
are  used  in  the  derived  imaging  equations  and  must  be  deter- 
mined in  the  evaluation  process. 

In  addition,  ve  had  established  in  Section  3.1*1.  that  It  is 
necessary,  for  the  purpose  of  excluding  the  proportion  of  the 
astronomical  refraction,  vhich  is  constant  during  the  observa- 
tion, to  determine  the  imaging  constant  c in  the  evaluation 
process,  c is  contained  in  the  coefficient  a^  (scale  factor) 
in  the  system  of  formulas  (26);  ve  vant  to  introduce  it  as  a 
further  unknown  in  the  evaluation. 

A priori,  the  transformation  relationship  (27)  is  also  dnknovn 
to  us.  However,  ve  wish  to  give  its  constant  only  in  so  far 
as  it  is  necessary  for  the  evaluation  process. 

Because  of  the  structure  of  the  matrix  resulting  from  the  imag- 
ing equations  for  a star  transit,  u and  cannot  be  determined 
in  the  evaluation  process,  but  only  by  additional  measuring 
means  or  especially  arranged  observation  processes.  As  the 
observation  values,  the  measured  image  coordinates  ) 

and  — at  least  in  fractions  of  a second  — the  registered 
time  of  the  middle  of  the  observation  cycle  are  the  basis  of 
the  evaluation  process. 


During  n ntnr  tr«n«it»  •zposurus  of  Innges  1 nnd *3' tnke  plae« 
in  position  I nnd  iangss  2 nnd  k in  position  II • If  this  is 
tnksn  into  consideration,  the  following  inaging  equations  are 
obtained  for  the  four  images' of  a star  transit: 

t 

s 

i^.m,eeo«.g^atot  - ^ § Aw  , 

• ^8  • "S  ^*2  • V “ • V ♦ f ♦ 

<a9s)  ♦ 5^  V • V * 

s^  - ^ SM  d * 73  s^  * * *S  ^^5  * ^ '*  ^a^  * $ dr  , 

M*  t - 74  sis  • - -S  - t,)  - b,  ^ (t,^  - t,)  ♦ I ar  ♦ 

♦ -V  • 

7o  ♦ 7i  eos  • - n,  sla  • - a^  ^ {(*1  - ♦b>*  ♦ * *b>»  } ♦ 

♦ Sp  • 

7o  * •••  ® " *2  * ■ *V  ^ * *a^*  * ^*^2  “ *e^'*  ^ — 

- 2I  T « - ^ (tg  - ty)e  , 

7o  ♦ ^3  •••  • • *5  • - *7  •■  " V } * 

♦ 5|  » « # 

- Sf  ^ ^♦a  • *a>  • • 

In  the  ahoTe  e<iuations,  the  points  in  tine  of  the  beginning 
of  the  exposures  were  designated  as  t^*  t2*  t^,  tj^  and  the  tine 
of  the  nean  exposures  as  t^^^,  ^M2*  ^M3*  *MU*  exposures 

take  place  in  interwals  of  T ■ 30  seconds,  so  that  the  follow- 
ing relationships  can  be  taken  into  consideration  in  the 
following  deriwations : 


26- 


» 

7.  • 7i  - 72  - 73  ♦ 74  • ^ • i,  - - S3  ♦ , 

7t  • -7i  ♦ 72  - 73  ♦ 74  • S^  • « S2  - S3  ♦ 


ve  obtain  the  following  formula  for  the  determination  of  the 
orientation  unknown: 


(3*)  taaS 


2T  h 


<1* 


The  values  a . b , b and  z_,  which  are  used  in  the  above  for- 
X X y m ' 

mula,  are  sufficiently  accurately  calculated  on  the  basis  of 
the  approximately  known  geographical  latitude,  the  focal  dis- 
tance and  the  declination  of  the  star. 


For  the  purpose  of  determining  the  scale  factor,  we  form,  from 
(29a),  the  expression 


. S3  - ♦ s^)  ees  • ♦ (y^  - 73  - 72  ♦ 74)  •I®  • 

- a,  (tj  - t<,  ♦ ♦ b,  s,  • 


Under  consideration  of  (30)  and  (33), 

(55)  S • It  (*a  ^ • 

From  (33),  ve  obtain  the  scale  factor,  which  is  necessary  for 
the  calculation  of  the  latitude 

•s 

(36)  Sy  • ooa  f 


and  the  imaging  constant 
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. Tine  and  Zenith  Distance  of  the  Meridian  Transit 


The  neridian  transit  tine  is  obtained  from  (29n)  under  consi- 
deration of  (30),  (32)  and  (33)  as 


f > \ i ♦ 5 - ^ (s  ♦ 2 i • 


In  the  above  fornula,  1/k  t <«■  t/2  is  the  niddle  of  the  tine 

s 

of  the  observation  cycle.  This  value  is  obtained  as  the  nean 
of  the  tine  recordings  during  the  four  exposure  processes. 

For  the  calculation  of  the  zenith  distance,  the  following  equa- 
tion is  derived  fron  (29b),  under  consideration  of  (33): 

(39)  cos  • ♦ sin  e - Ssy  - t,)*  ♦ (t2  - ♦ 

♦ <»3  - <v,  ♦ s * S * X '*'•’}*»**  * 

(*2  “ *4“  • 


For  the  calculation  of  the  bracketed  expression,  which  is  nul- 
tiplied  by  b^,  all  exposure  tines,  except  t^,  are  illustrated 
by  the  relationships  (30).  In  addition  to  the  known  values  T 
and  X,  only  the  difference  t.  - t_  is  contained  in  the  trans- 
forned  expression.  Because  b is  a small  value,  we  can,  in 
the  calculation  of  this  difference,  neglect  the  small  angle  0 
and  the  terms  in  the  system  of  equations  (29),  which  can  be 
ascribed  to  the  curvature  of  the  parallel.  Then,  approximately 

The  summation  of  equations  (29s)  results  in 

«•  • 1 <*1^*2*  *3  ♦V - ?*•*» 


with  which  ve  obtain 


4 1 


*^**9*  H 


-m,)  -5 
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For  the  purpose  of  siapliflcation,  ve  set 
(SO)  - t,  - - i » ♦ At, 

vherein 

If  the  above  train  of  thought  is  taken  into  consideration  in 
(39) » the  result  is  for  the  zenith  distance 

“ 3 ^ ^ ^*2  ♦ **  * * • 

3.3*  7he  Formulas  of  the  Arithmetical  Program  of  the  PZT 
Evaluation 


ees  • ♦ Jt..  sia  •)  ♦ 


The  formulas  derived  in  Section  3«^  form  the  basis  for  the 
establishment  of  the  arithmetic  program.  In  them,  the  influ- 
ences of  azimuth  and  reversal  errors  are  also  taken  into  consi- 
deration. As  results  from  the  theoretical  error  investigations 
which  will  still  be  illustrated,  the  errors  of  these  values 
influence  the  result  to  only  a slight  degree,  so  that  the 
required  tolerances  of  azimuth  and  reversal  are  easily  main- 
tained and  • 0 and  0 can  be  assumed  for  the  evaluation. 

The  same  assumption  is  also  Justified  for  the  error  of  the 
follow-up  speed. 

The  definitive  formulas,  illustrated  in  the  following  descrip- 
tion of  the  arithmetic  process,  apply  especially  to  the  lo- 
cation of  the  Potsdam  PZT.  The  following  values  were  the  basis 
of  the  calculation  of  the  constants: 

(f ) . * . J773.5  - 90.082  ISTS*. 

T • 20^, 


The  programmed  calculation  serves,  in  each  ease,  for  the  evalua 
tion  of  a group  of  about  10  to  12  stars,  of  which  the  images 
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«r«  located  on  a plate.  By  aeana  of  Beaauring  the  image  coor< 
dinatea,  ve  obtain,  for  each  star,  the  coordinates 


K,,  1^,  *5.  H* 


During  the  observation,  the  difference  between  the  time  mean 
of  the  observation  cycle  and  the  second  signal  of  the  Potsdam 
electronic  time  servide 


ato  - » (M*)  - OTO 


is  recorded.  For  a group,  the  mean  from  the  recordings  of  all 
star  transits  is  always  introduced  into  the  evaluation. 


On  the  basis  of  the  approximate  value  ( ) of  the  geographic 
latitude,  an  approximate  value  of  the  meridian  zenith  distance 
is  calculated  for  each  star 


(s^)  - (e)  - » 

Prom  the  image  coordinates  of  each  star,  the  values 


y,  - " F2  " ^3  * 

■ -Ti  ♦ Fa  - ^3  * 


• *1  - ^ “ *3  * *♦* 

*t  • -«1*’^"*3**** 


result.  With  the  above  expressions,  the  prientation  unknown 
is  obtained  in  accordance  with  (3l») 


tea  s ■ 


Prom  all  values  6,  which  result  for  a group,  the  arithmetic 
mean  is  formed  and  introduced  in  the  further  evaluation. 

In  accordance  with  (35 )»  the  scale  factor 

S • If  ♦ Fa  • 

• 0,831  057  9»10“*  (s^  eos  • ♦ 7*  * 0,105  *71*10  ^(s^). 


results • for  which  the  seen  of  all  values  of  the  group  is  also 
formed  and  introduced  into  the  further  evaluation.  For  the 
calculation  of  the  meridian  distances,  ve  form  the  value 

V * 1S>  tfri  - 9,15^77a'!> 

and 

t 

« 

4 

0 • a06  264,61  a,  . 
from  the  above  formula. 

In  order  to  determine  the  time  correction,  we  first  calculate 
the  earth  time  of  the  meridian  transit  for  all  stars.  If  all 
values  are  introduced  in  seconds,  the  result  is 

t,  - fa  - X - 0,997  269  57. 

wherein  a is  the  right  ascension,  A the  geographic  longitude 

and  SZ„  - the  star  time  for  zero  hours  earth  time.  In  accord- 
0 f Gt 

ance  with  (38),  ve  calculate 

♦.  ■ - rr.; ♦ ■ 

O.qq?  269  57  ^ ^ eo»  « ♦ 7^  • 

* (•x*  ♦7i-'>0’^(s,)) 

Ve  thus  obtain  the  time  correction  as 

40  - (t^  ♦ 0?021  - ♦ dtp). 

Of  the  above  value,  only  the  fractions  of  seconds  are  usable, 
because  the  mean  of  the  observation  cycle  is  established  only 
with  respect  to  these  fractions. 


For  the  determination  of  the  zenith  distance,  the  value 


-31- 


is  flrit  calculated,  with  which  we  obtain  the  aenith  dietance 


Qd  the  basis  of  the  zenith  distances,  a walue  of  geographic 
latitude 


e - » ♦ s^. 


results. 

A mean  value  of  the  geographic  latitude  and  of  the  time  correc 
tion  is  calculated  for  each  group.  In  accordance  with  known 
formulas  of  error  theory,  the  program  is  supplemented  by  cal- 
culations of  the  mean  errors  of  the  individual  and  mean  values 
for  0,  a^,  dU  and  p. 
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it.  THEORETICAL  ERROR  COHSIDERATIONS 

it.l.  The  Influence  of  Azimuth  and  Reversal  Errors  on  Time 
Correction  and  Zenith  Distance 

l(et  us  assume  that  the  orientation  unknown  is  Influenced  only 
by  the  reversal  error  and  let  us  apply  formula  (3it)  for  this 
case,  then  ve  directly  obtain  the  error  of  the  orientation 
unknown,  which  is  caused  by  e> 

« - • 

VJith  this  value,  the  error  of  the  time  correction  results 
from  (39)  .. 


From  formulas  (29), 

*s  • ♦S** 

is  approximately  obtained,  where  the  factor  of  disappears 

in  (i»3).  In  the  first  order,  a reversal  error  therefore  has 
no  influence  on  the  determination  of  the  time  correction.  The 
influence  of  the  azimuth  error  also  disappears.  From  (k2), 

4s^  • ^ ^ ^ • • 

is  obtained  for  the  influence  of  the  reversal  error  on  the 
zenith  distance. 

If  the  influence  of  the  reversal  error  on  the  orientation  un- 
known is  taken  into  consideration  in  the  above  formula,  and 
if,  as  an  approximation, 

a,  • a^  ♦ *2  ♦ *5  ♦ *4  " 

is  used,  the  result  is,  for  the  influence  of  the  reversal 
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error  on  the  zenith  distance 

• r 

The  influence  of  an  azimuth  error  on  the  zenith  distance  can 
be  read  directly  from  (1*2); 

n *zT 

(♦5)  • 

If  we  insert  the  values  for  a , a , T and  ,resultinf  from  the 

A ^ 

construction  parameters  and  the  location  of  the  PZT,  in  (hU) 
and  ( , then 

(46)  - -5,53»10’1  , 

(47)  d*  - 4,44»10"^«  . 

If  we  admit  an  error  of  O.Ol",  caused  by  both  influences,  in 
the  zenith  distance,  then 

» 1 50*  e - 20* 


The  influences  of  systematic  error  proportions  of  U and  *> 
are  illustrated  by  (1*3),  (!»*♦)  and  (it5).  An  irregular  change 
in  the  azimuth  error  in  the  course  of  the  observation  cycle 
cannot  be  expected.  In  comparison,  we  can  assume  that  the  re- 
versal error  changes  by  irregular  amounts  after  each  change  in 
postltlon.  The  Influence  of  irregular  changes  of  the  reversal 
error  is  obtained  by  the  assumption  of  different  values  of  w 
for  each  position  of  the  observation  cycle.  This  is  taken 
into  consideration  in  formulas  (29)  and  the  error  propagation 
law  is  applied  to  (38)  and  (1(2).  The  following  is  obtained 

and 

(.,>  . . >.£12^.  . 


iXld 
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If  the  values  a • a are  loserted  and  the  naxioal  possihle 
X y 

zenith  distance  z ■ 15*  is  assumed,  the  result  is 

m 


1,S5«10“ 


- a*  . 


The  above  values  show  that  even  relatively  large  irregular 
changes  of  have  only  an  iniignificant  influence  on  the  de- 
termination of  meridian  zenith  distance  and  meridian  transit 
time . 

1».2.  The  Theorfctical  Error  Relationship  Between  the  Image  Co- 
ordinates  and  the  Determined  Values  of  z^  and  t^ 

It  is  assumed  that  the  image  coordinates  are  subject  to  only 
random  errors  and  that  the  evaluation  is  carried  out  in  ac- 
cordance with  the  formulas  summarized  in  Section  3*3«  As  the 
weighting  unit  error,  the  mean  error  of  the  coordinates  is  as- 
sumed, which  has  the  same  magnitude  for  both  coordinate  values. 
We  thus  obtain  the  weighting  coefficients 

Ssx  - Sr  • 

With  these  values,  the  weighting  and  correlation  coefficients 
of  the  values  x » y. » «nd  y,.  result  in  accordance  with  (33) 

ft  Ql  V w 


»•  Sa  • *• 

V.  - •• 

^a*t 

s*.  • *• 

V.  ■ •• 

Vt  • 

Through  the  formation  of  the  differenctlal  of  (3^)*  ve  obtain 

(,1)  0 . 


W)  * 
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In  the  above  formula,  and  also  in  those  vhlch  are  still  to  be 
derived,  ve  can  limit  ourselves  to  the  principal  terms  because 
the  error  influence  of  the  image  coordinates  on  the  correction 
terms  is  meaningless.  Ve  want  to  assume  that  the  observation 
is  made  symmetrical  to  the  meridian,  so  that  ve  can  set 


• ^3* 


From  this  follows 


*4i 


- Js* 


- 


y,  • 0.  s,  - 2 («1  - *25;  Tt  • 2 <22  - 2i). 


• 0« 


In  addition,  approximately 
cose  - If 

In  this  manner^  (51)  becomes 

" - 2 * 

from  which  the  following  weighting  and  correction  coefficients 
are  obtained: 


(52) 


. 2 


i a -o  - 1 

’ (x,  - *2)  <*1  - *2) 


7 • 


1 1 


“ 2 x^  - * *1  ” * 

•^x^  - Sbt^  - 


From  (35)f  the  result  is 
(55)  dS  • 


or 


(5s) 


After  the  calculation  of  0 and  a^,  the  group  means  of  these 
values  are  introduced  into  the  further  evaluation.  For  a group 
of  n stars,  the  following  weighting  and  correlation  coeffi- 
cients thus  result: 


aBaiassMSu 
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3 ^ . 1 2 

(jt,  - «2)  ® *1  - *2  * , 


In  addition. 


S*y  * 


From  the  formula  for  the  calculation  of  the  meridian  transit 
time  (38) 


(57)  dt  . - 


X X u' 


Cdx^  ♦ d®) 


is  obtained,  from  which 


) Qi  t “ ■ ^ \ii  ^9x*x*  * 

i6  (Bjj  ♦ *^)  ^ t 


follows  for  the  weighting  coefficient.  After  some  elementary- 
transformations  , 

(59)  Qt  t - f -.7  C'*  ♦ J f ^ • 

results  from  (58). 

In  the  same  manner, 

(60)  Q - — w (1  ♦ T 2 2 • 

4a|  900  n r eos^v  a^ 

is  obtained  from  (^2). 

With  the  parameters  of  the  PZT,  the  following  numerical  walues 
for  the  weighting  coefficients  result  for  a group  of  n « 10 

stars : 


V.  * »(’*«■’  &2  - 

t 

- 0,74-1o5  (1  ♦ 0,246.10-3  (y^  - y^)2). 

In  the  PZT,  the  maximal  value  of  the  ordinate  difference  amounts 
to  (jTg  - ^ 30  mm,  vhereby  the  weighting  coefficients  of 

tj^  and  fluctuate  within  the  following  range: 

1.  ” y«,  • 0,  Q*:  i!  *9,  Q*  • ■ 0,7^*1o3, 

• 4 ^aru 

• 2.  72  - y-i  - 30,  - 17,  « 0,90.1o3. 

In  the  coordinate  measurement  with  the  ’’Ascorecord" , a mean 
error  of  m.  1 0.001^  mm  is  obtained,  from  Vhich  the  mean  errors 
of  the  zenith  distance  and  of  the  meridian  transit  time 

1.  - 1P?00»5,  - ♦P:o*'>. 

2.  ■*  - ±0*0062,  ■ - ±0;045 

■ ■ 

are  obtained. 

These  mean  errors  represent  the  influence  of  the  coordinate 
measurement.  As  a rule,  they  will  be  significantly  smaller 
than  can  actually  be  obtained  with  the  PZT.  In  addition  to 
the  measuring  errors,  error  influences  must  also  be  expected, 
which  can  be  found  in  the  distortions  in  the  photographic 
emulsion  and  in  the  variations  in  the  geometry  of  the  imaging 
process  through  changes  in  the  refraction  influence.  As  will 
be  shown  later,  the  mean  error  of  the  image  coordinates  can 
be  estimated  as 

^ « ±0,006  ee 


under  consideration  of  all  apparent  conditions.  With  this 
▼alue.  the  following  mean  errors  of  t.  and  z.  result: 

III  01 

1.  su  - ♦P?0180,  •_  - lp;i6, 

■ ^ 

2.  a*  • ♦0?0247,  ■ • ♦0;i8. 

■ ■ 

< 

5 . OBSERVATION  PROGRAM 

The  star  program  for  the  observation  with  the  PZT  consists  of 
a total  of  257  stars  up  to  a brightness  of  9?5  from  the  catalog 
of  the  Astronomical  Society  AGK  (7).  2h  groups  are  formed  of 
the  total  number  of  stars.  In  order  to  keep  the  influence  of 
an  error  in  the  plate  scale  small  in  the  calculation  of  the 
geographical  latitude,  the  stars  of  a group  were  so  selected 
that  the  sum  of  their  zenith  distances  is  as  small  as  possible. 
For  a group  of  10  stars,  the  plate  scale  can,  on  the  average, 
be  determined  with  a relative  accuracy  of  about  1 z 10  . So 

that  errors  greater  than  0V02  cannot  develop  in  the  latitude, 
the  zenith  distances  z of  the  H principal  stars  of  a group 
must  fulfill  the  condition 
<61)  1 1=  » 1 • 3* 

The  shortest  time  difference  of  two  successive  stars  is  instru- 
mentally  a function  of  the  duration  of  120  seconds  for  the 
observation  cycle  of  one  star.  In  some  cases,  the  program 
contains  stars  with  very  small  right  ascension  differences 
( A«  ^ vhich  can  be  recorded  with  the  same  observation 

cycle . 

For  each  group.  Table  1 gives  the  total  nximber  of  the  stars, 
the  number  H of  the  pricipal  stars,  the  number  Z of  the  secon- 
dary stars,  the  right  ascension  area  * and  the  observation 
period.  The  average  number  of  principal  stars  per  group 
amounts  to  10  (minimum  8,  maximum  12).  If  possible,  three 
groups  of  stars  are  observed  during  each  clear  night.  In  the 
normal  ease,  only  one  group  is  recorded  on  one  plate.  Figure 


9 BhovB  the  program  sequence  in  the  course  of  one  year.  The 

program  change  takes  place  half-monthly  hy  the  principle  of 

the  chain  method.  Thus,  each  group  is  observed  in  a period 

of  1-1/2  months  and  the  combination  of  tvo  adjacent  groups 

for  one  menth. 

« 

I 

The  average  loci  and  the  characteristic  motions  of  the  FZT 
stars  are  summarized  in  the  star  catalog  for  the  Potsdam  PZT 
(1»).  The  right  ascensions  and  declinations  were  corrected  on 
the  basis  of  the  results  of  the  PZT  observations  of  1972  and 
1973.  The  determination  of  the  star  coordinate  corrections 
was  carried  out  in  tvo  steps: 

1.  Individual  corrections  vere  derived  from  the  residual  er 
errors  of  the  groups.  In  connection  with  this,  the  reduc- 
tion of  incomplete  groups  to  the  corresponding  group 
center  vas  carried  out. 

2.  By  the  principle  of  the  chain  method,  the  group  corrections 
vere  calculated  from  the  differences  betveen  the  groups 
observed  during  the  same  night. 

The  determination  of  the  star  coordinate  corrections  from  the 
Potsdam  PZT  observations  is  illustrated  in  detail  in  {k).  As 
an  average,  the  accuracy  for  the  total  corrections,  composed 
of  individual  and  group  corrections,  amounts  to  loToS  for  the 
declination  and  lofolo  for  the  right  ascension. 

Together  vith  five  additional  catalogs,  observed  at  various 
times  since  191$ • the  declinations  obtained  from  the  PZT  obser- 
vations vere  used  to  calculate  nev  characteristic  motion  com- 
ponents in  declination  for  the  PZT  stars.  As  an  average,  the 
mean  errors  of  these  nevly  calculated  characteristic  motions, 
vith  lorook,  are  only  half  as  great  as  those  of  the  character- 
istic motions  of  the  AOK  3. 
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Table  1.  Huaber  Stars  and  Observation  Periods  of  Groups 


Group' 

■ 

H 

z 

m 

Observation  Period 

• 1 

12 

10 

2 

iTOST 

. 0“46" 

1. 

Okt. 

. 15.  Sot. 

2 

12 

10 

2 

0 59 

- 1 

57 

16. 

Okt. 

- 50.  Sot. 

9 

10 

9 

1 

1 49 

- 2 

26 

1. 

Sot. 

- 15,  Oos.Dec 

a 

11 

10 

1 

2 54 

- 5 

11 

16, 

Sot. 

• 51.  boa. 

5 

14 

12 

2 

5 19 

- a 

01 

1. 

Do*. 

. 15.  Jan. 

6 

15 

10 

5 

4 16 

. a 

97 

16. 

Dos. 

- 51.  Jaa. 

7 

12 

12 

5 06 

- 5 

57 

1. 

Jan. 

> 15.  Vote. 

8 

10 

10 

• 

6 14 

- 6 

58 

16. 

Jan. 

• 28.  Vobr. 

9 

9 

9 

• 

7 19 

- 7 

47 

1. 

rate. 

- 15.  MiTfMarch 

10 

10 

10 

«• 

8 09 

- 9 

19 

16. 

fabr. 

- 51.  HSrt 

11 

10 

10 

• 

9 52 

- 10 

45 

1. 

KMra 

- 15.  Apr. 

12 

11 

10 

1 

10  55 

- 12 

18 

16. 

MKn 

• 50.  ^r. 

15 

11 

11 

• 

12  47 

- 14 

09 

1. 

Apr. 

- 15.  Hal  May 

1* 

11 

10 

1 

14  20 

- 15 

22 

16. 

Apr. 

> 51.  Mai 

15 

10 

8 

2 

15  42 

- 16 

56 

1. 

Mai 

- 15.  JtmiJune 

16 

6 

8 

17  01 

- 17 

17 

16. 

Mai 

• 50.  Jeni 

17 

9 

9 

• 

17  50 

- 16 

19 

1. 

Junl 

- 15.  JuU  July 

16 

10 

10 

• 

18  51 

- 19 

09 

16, 

Junl 

. 51.  JuU 

19 

9 

9 

19  18 

- 19 

45 

1. 

JiiU 

- 15.  Aug. 

20 

12 

10 

2 

19  55 

. 20 

46 

16. 

Juli 

- 51.  Aug. 

21 

12 

12 

20  59 

- 21 

51 

1. 

Aug. 

• 15.  Bopt. 

22 

10 

10 

• 

21  42 

. 22 

15 

16. 

Atig. 

- 50.  Bopt. 

25 

11 

10 

1 

22  25 

. 22 

54 

1. 

8apt. 

• 15.  Okt.  Oct 

24 

10 

10 

- 

^J2_04. 

.ZJI 

48 

«_1§IL. 

- 51.  Okt. 

Sue  2$7  259  18 
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6.  RESULTS  OF  THE  TIME  AND  LATITUDE  DETERMINATIONS 

In  the  evaluation  of  the  PZT  ohservations » the  rectangular  co- 
ordinates of  the  star  images  on  the  photographic  plate  must 
first  be  determined.  For  this  purpose,  a coordinate  measuring 
apparatus  with  automatic  data  recording  of  VEB  Carl  Zeiss  Jena 
is  used.  Prior  to  the  measurement,  the  plate  is  approximately 
oriented  in  the  measuring  apparatus;  the  remaining  orientation 
error  is  determined  from  the  measured  values  by  calculation. 
Additional  starting  data  for  the  calculation  of  the  time  cor- 
rection and  of  the  latitude  are  the  time  position  of  the  obser- 
vation cycle  in  the  time  system  UTC  (ZIPE),  vhich  is  measured 
during  the  observation,  the  apparent  loci  of  the  observed  stars, 
as  veil  as  the  star  time  for  zero  hours  earth  time.  For  the 
geogrphical  longitude,  the  value 

A - S2^5?200A 

is  assumed.  The  arithmetic  evaluation  is  carried  out  vith  the 
aid  of  the  Robotron  R 300  computer.  The  programming  is  based 
on  the  formulas  summarized  in  Section  3.^. 

For  the  evaluation  of  the  observations  of  1972  and  1973,  the 
star  loci  of  the  AGK  3 (7)  were  initially  used.  The  results 
of  these  observations  served  for  the  calculation  of  corrections 
for  the  AGK  loci,  vhich  vas  already  mentioned  in  the  previous 
chapter.  The  revised  catalog  of  the  PZT  stars  (b)  is  the  basis 
for  the  reduction  of  the  observations  since  197b.  In  addition, 
the  observations  of  1972  and  1973  vere  again  reduced  vith  the 
use  of  this  catalog.  The  results  for  the  years  1972  to  197b 
are  summarized  in  the  appendix.  Tables  2 and  3 give  overvievs 
of  the  groups  and  group  combinations  observed  in  the  individual 
years.  After  consideration  of  the  pole  motion,  using  the  pole 
coordination  published  by  the  Bureau  International  de  I'Heure 
(BIH),  an  annual  period  shovs  clearly  in  the  pattern  of  the 
latitude  results  of  the  years  1972  to  197b.  An  analysis  in 
accordance  vith  the  equation 
(68)  ♦ - 
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(t  « frftction  of  year)  led  to  the  following  results: 


1 

e 

. » 

• 

4 

1972 

i « 

-«;i85 

0;068 

o;o2i 

o;oi7 

1 

± 17 

1 19 

1 22 

± 15 

1979 

-0.171 

0,020 

-0,046 

-0,016 

1 

1 17 

1 18 

1 17 

± 18 

1974 

-0,296 

-0,017 

0,009 

0,026 

1 14 

1 16 

1 15 

1 15 

Possible  causes  for  the  local  z tern  could  be,  for  exanple,  re- 
sidual declination  errors  of  the  form  or  meteorological  in- 

fluences. Following  the  consideration  of  the  pole  motion  and 
of  the  rotational  variations,  the  results  of  the  tine  determi- 
nation shows  no  annual  priods  as  obvious  as  the  latitude  de- 
terminations . 

The  quantities  published  in  the  BIH  were  used  for  the  correc- 
tion due  to  the  pole  motion  and  the  rotational  variations.  Im- 
provements for  the  assumed  geographical  latitude  can  be  deri- 
ved from  the  corrected  time  determinations.  In  this  manner, 
the  following  mean  values  of  the  latitude  of  the  PZT  location 
are  obtained  for  the  individual  years: 

Longitude  of  the  PZT  station 

1973  25t2309  1 0,0015 

1974  25.2954  1 0,0019 

The  difference  between  the  longitude  values  of  1972/1973  on 
the  one  hand  and  197l»  on  the  other  hand  is  obviously  caused 
by  a change  in  the  recording  system  at  the  beginning  of  1971*. 

If  the  mean  latitudes  for  the  individual  years  is  calculated 
from  the  corrected  time  determinations,  the  following  values 
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Tigure  2.  Huaber  of  Observed  Groups 


Group 

1972 

1979 

1974 

1 

7 

6 

0 

2 

9 

-4 

1 

9 

9 

4 

2 

a 

4 

4 

4 

9 

4 

9 

2 

« 

1 

6 

9 

7 

1 

9 

1 

8 

1 

9 

1 

9 

2 

8 

2 

10 

9 

8 

4 

11 

9 

7 

6 

12 

6 

7 

6 

19 

4 

6 

6 

. 14 

6 

9 

6 

19 

9 

9 

6 

16 

9 

• 9 

9 

17 

4 

6 

9 

18 

9 

11 

2 

19 

2 

11 

4 

20 

2 

9 

9 

21 

1 

11 

9 

22 

4 

10 

9 

29 

9 

6 

6 

-19 

2 

3 
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are  obtained,  once  with  and  once  without  consideration  of  the 
z term: 

Latitude  of  the  PZT  station 


1972 



$2*24'24;661  ± 0;020 

* 

92*24'24;699  1 0;019 

1979 

24,882  ± 0,019 

24.691  £ 0.019 

1974 

24.929  1 0,021 

24.919  t 0,011 

The  conventional  coordinates  of  the  PZT  station,  obtained  from 
aarlier  observations,  were  used  for  s comparison  with  the 
PZT  results  ($): 
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Figur«  3.  Vuaber  of  Observed  Group  Copbinations 


1-2 
2-  3 

5- 4 
♦ - 5 
9 - e 

6-  7 

7- 8 

8-  9 

9- 10 
10  - 11 
11  - 12 
12-13 
15-14 

14  - 15 

15  - 16 

16  - 17 

17  - 18 

18- 19 

19- 20 

20-21 

21-22 

22-23 
23  - 24 

Bat 


X . 52^5?239  S.  8 - 5a*a6’24:36  I. 

The  longitudinal  values  obtained  from  PZT  observations  evidence 
a satisfactory  agreement  vith  the  conventional  value,  vhile 
there  is  a significant  difference  in  the  latitude.  To  clarify 
this  discrepancy,  the  latitude  vas  independently  determined 
in  accordance  vith  the  Sterneck  method,  using  a Universal  In- 
strument Wild  TU,  From  this  measurement,  the  latitude  resulted 
as 

S . 32*24*83:(9  1 0:08. 

This  value  can  be  considered  a confirmation  of  the  PZT  result, 
vhile  the  conventional  latitude,  vhich  vas  used  for  compariaon 
purposes,  is  obviously  defective* 
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7.  ACCURACY  IRVESTIOATIOR 

7.1.  Errors  of  the  Plate  Dimensioning 

The  oeasurlng  error  on  the  "Ascorecord" , which  is  composed  of 
li'he  error  of  the  alignment  of  the  star  with  the  measuring  mark 
and  the  reading  error,  was  calculated  from  differences  of 
double  measurements.  The  analysis  of  an  extensive  data  store 
from  the  years  1972  and  1973  resulted  in  the  total  average  for 
the  mean  error  of  an  individual  measurement  1 0.0032  sun. 

Apart  from  stars,  which  are  brighter  than  6?0,  there  is  no 
clear  brightness  dependence  of  the  measuring  error.  In  the 
case  of  stars,  which  are  brighter  than  6?0,  the  measuring  un- 
certainty is  clearly  greater  (I0.OOU6  mm).  If  these  bright 
stars  are  excluded  from  the  considerations,  the  average  error 
of  an  individual  measurement  amounts  to  1 0.0028  xm  and  has 
equal  magnitude  for  both  coordinates. 

A better  quality  of  the  photographic  image  was  obtained  from 
May  197^  on,  by  the  use  of  the  ZU2  plates  and  the  improved  fo- 
cussing which  was  connected  therewith.  In  this  manner,  the 
measuring  error  was  reduced  by  about  30  percent  and,  for  the 
one-time  measurement  of  a coordinate,  amounts  to  1 0.0020  sun. 

In  the  evaluation  of  the  PZT  observations,  the  mean  values  of 
double  measurements  are  introduced  for  the  rectangular  coordi- 
nates of  the  star  Images  on  the  photographic  plate.  In  ac- 
cordance with  these  investigations,  the  measuring  uncertainty 
of  these  quantities  for  both  coordinates  results  as 

■x  • V 

7.2.  Positional  Errors  of  the  Images  on  the  Photographic  Plate 

The  errors  in  the  positions  of  the  images  on  the  photographic 
plate  were  determined  by  two  different  ways:  on  the  6ne  hand 
from  the  x differences  of  two  Images  recorded  in  the  same 
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position  of  tho  rotating  hood  and,  on  the  other  hand,  fron 
the  differences  of  the  centroid  coordihatee,  respectirely  the 
coordinate  eume  of  the  four  images  of  a star.  For  the  x 
differences,  only  the  error  component  in  the  x direction  can  he 
determined.  Starting  with  equation  (29a),  under  consideration 
of  the  fact  that 

I 

the  relationship 

(64)  (jt,  - xj)  eos  a ♦ (y.,  - 13)  Si*  • - (s*  - <^4  “ ^2* 

respectively 

(65)  - (-7^  - 72  ♦ 73  ♦ 74)  tan  e . 
is  obtained. 

For  the  estimate  of  the  amount  of  the  expression 

values  of -to  and  « equal  to  sero  in  equations 
(29b),  and  we  obtain,  through  the  formation  of  sums  and  differ- 
ences 

- 72  ♦ F5  ♦ Fa  • ty  |(t^  - t,)®  - (tj  - t^)*  - (t3  - t^)*  ♦ (t^  - t^)*}  . 

Through  the  insertion  of  the  numerical  values  in  (25),  the 
result  is  for  b^, 

ly  • •,4e«io“5. 

bitn  the  assumption  that  the  star  transit  was  observed  symmet- 
rically. 

- Ct^-t,)*  - 2025 

and 

. 285. 

applies  and  thus 

■Fi  - Fa  ♦ 73  ♦ 74  • 0,017  ee. 


In  the  evaluation,  the  PZT  plates  are  generally  so  oriented 
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In  the  coordinate  measuring  apparatus  that  tan  Q is  less  than 
2 X 10*"^,  so  that  the  term  (-y^  -yg  ® neg- 

lected in  formula  (65).  As  a result,  the  condition 

5 ^ 

is  obtained  from  (6^). 

4 

4 

As  a result  of  errors  in  the  x coordinates,  this  condition  will 
not  always  be  fulfilled  by  the  measured  walues  and,  as  an  aver- 
age, the  mean  error  of  an  x coordinate  can  be  determined,  from 
the  deviations  A,  for  n stars,  according  to  the  following  for- 
mula:  — 

(67)  ai  - J / 

The  evaluation  of  about  2^0  stars  resulted  in 

■ gp,00$6  BB« 


If  the  measuring  error,  which  is  still  contained  in  this  value, 
is  eliminated,  the  positional  error  in  the  x direction  amounts  to 

af*  . lP,0054aa. 

In  the  second  method  of  the  calculation  of  the  positional  errors, 
the  coordinate  sums  of  the  four  images  of  one  star  were  used. 

In  this  case,  the  quantity  Q can  be  neglected  in  equations 
(29a)  and  (29b),  because  it  is  generally  sufficiently  small 
prior  to  the  measurement  on  the  basis  of  the  mentioned  orien- 
tation of  the  plate.  We  then  obtain  the  following  relationships: 


(68) 


*o-*2 

*•“*3 


s <»i  - «w>  ♦ »,  s <v,  - V • 
-s  (t,  - v - ^ • 

s <»,  - *b>  ♦ *k  s <*»,  - V • 

-s ««.  - V - s - V 


MUiaaijiitiii 
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and 

».‘»3  - SS-V  K-«b)*‘«*i^-tbH}. 

%♦»«  - -VS*V  f*«-*.>*‘<«is-*.),}. 

Through  summing  and  transformation,  the  result  is 

(70)  a,  ♦ s^  ♦ S3  ♦ - 4s,  ♦ 2 <a^  ♦ ^)  * 

and 

(71)  71  ♦ 22  ♦ 23  ♦ Ta  - -^o  ♦ ^ ♦ (ti  - *,)  ♦ <t2  - t,)  ♦ (t,  - t^)  ♦ 

♦ (t^  - t,)J  . 

For  (70),  we  can  write 

(72)  a,-»^as3-»s^  - 

whereby  « Uxq  ♦ 2a^T  is  a constant  walue  for  all  stars  of  a 
group.  From  (69),  with  sufficient  approximation. 


is  obtained,  and  thus  from  (72) 

(75)  1»  - Si«s^«S3«H-^(2i  - 22) 
respectively,  after  the  insertion  of  the  nxmerical  values 
(7*)  • s,ai^  + S3  4S4  - 0,1736*1<r*  (y^  - jg)- 

Under  consideration  of  equations  (68), 

(*1  - t^)  ♦ (tg  - «^)  ♦ (*3  - t^)  ♦ (t^  - «^)  - ^ (*2  - *1  ♦ 
can  be  written  in  (71)  with  adequate  approximation.  If, 
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furtheraore.  -*»yQ  ■ It  follovi  from  (71) 

(75)  71  ♦ 72  ♦ ^5  ♦ • *2  ^ ^ • *1  * **  “ *5^* 

Because  the  recordings  are  generally  symmetrical  to  the  me- 
ridian, the  expression  in  parenthesis  in  (75)  becomes  very  small, 
so  that  the  second  term  on  the  right  side  of  formula  (75)  can 
be  neglected.  Thus 

(?•)  ^ • 7i  ♦ 72  ♦ 75  ♦ 74* 

The  possibility  of  calculating  mean  coordinate  errors  results 
from  equations  (7>t)  and  (76).  For  this  purpose,  the  average 
values  must  be  formed  from  the  values  K and  K for  all  n stars 
of  a group:  ^ ^ 

(77)  ^ . J * I_  . ^ - J * S4  • 

4-1  ^ 4-1  * 

With  the  deviations  of  the  individual  values  from  the  mean 
’ ^'**1  .na 

the  mean  coordinate  error  for  one  image  is  obtained  as 
(70)  q - J • 

As  an  average,  the  folloving  errors  resulted  from  the  evaluttion 
of  50  plates,  each  vith  at  least  10  stars: 

^ - 29,0063  aa,  - 2p,006S  aa. 

If  the  measuring  error  is  again  eliminated, 

- 29,0061  aa  respectively  ^ aa. 

remains  as  the  positional  error. 


1 


It  is  shovn  that  both  coordinates  are  obtained  vith  equal 
accuracy.  On  the  basis  of  the  slight  influence  of  the  measuring 
error,  a further  improvement  of  the  measuring  accuracy  is  not 
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necessary.  The  principal  error  sources  can  obviously  be  found 
in  refraction  anomalies*  scintillation*  distortions  of  the 
photographic  emulsion  and  instrumental  error  Influences. 

HQlG  (2)  gives  the  folloving  formula  for  the  influence  of  the 
i;nage  motion  (directional  scintillation): 

I 

(79)  0 • o:33  ( *«♦  0*65)“®**^ 

(vith  integration  time).  In  the  PZT*  the  integration  time 
for  one  image  amounts  to  t > 20  seconds  and*  in  accordance  vith 
(79)*  the  influence  of  the  directional  scintillation  becomes 

• - ip:i55 

or*  in  the  linear  measure  On  the  plate  1 0.003  mm. 

• 3 • Errors  in  Time  Recording 

The  random  error  of  time  recording  vas  calculated  from  differ- 
ences of  the  of  the  time  impulses  of  the  PZT*  vith  reference 
to  the  time  scale  UTC  (ZIPS),  for  the  first  and  third,  respec- 
tively the  second  and  fourth  exposure.  The  accuracy  of  the 
recording  an  individual  impulse  amounts  to  l0.2  ms.  Four  im- 
pulses are  recorded  for  each  star  and*  in  the  evaluation*  the 
mean  of  the  recorded  impulses  for  all  stars  of  a group  is  in- 
troduced. The  random  error  of  this  mean  value  is  less  than 
0.1  ms  and  plays  a subordinate  role  in  comparison  vith  other 
error  influences. 

7.*».  Errors  of  Time  and  Latitude  Determinations 


The  influence  of  the  positional  errors  on  the  final  results* 
which  vas  determined  in  Section  7*2*  has  already  been  investi- 
gated in  Section  1»«2.  The  mean  errors  obtained  in  the  theore- 
tical error  considerations  vill  nov  be  compared  vith  the 
errors  resulting  from  time  and  latitude  determinations.  The 
mean  errors  for  the  observation  of  r star  vere  calculated  from 


y 
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the  devlationa  of  the  Individual  values  froa  the  group  aean. 
The  following  average  values  rekulted  for  the  various  years: 


197a  0,0201  0,177 

These  results  are  in  good  agreement  with  the  theoretically 
expected  values,  if  it  is  taken  into  consideration  that,  in 
addition  to  the  positional  error,  the  final  results  are  also 
influenced  hy  the  star  corrdinate  errors  mentioned  in  Chapter 
From  the  given  values  for  the  accuracy  of  the  observation, 
the  internal  accuracy  for  a group  of  ten  stars,  which  can  be 
expected  on  the  average,  can  be  estimated  at 

• iq?0059 

The  external  accuracy  was  calculated  from  the  deviations  of 
the  group  means  from  the  annual  mean,  whereby  a reduction  was 
first  carried  out  because  of  the  pole  motion  and  the  differen- 
ces between  the  astronomically  determined  time  and  the  coordi- 
nate earth  time  with  the  quantities  published  by  the  BIH.  The 
external  mean  errors  for  the  observation  of  a group  have  the 
following  magnitudes: 


1972  0*0125  o;i89 

1973  0,0185  0,196 

197<^  0,0184  0,209 

Considering  the  local  seasonal  variations  of  the  results,  as 
taken  into  account  for  the  latitude  determinations  according 
to  formula  (63)  and  for  the  time  determinations  in  an  analogous 
manner,  these  errors  are  reduced  to  the  following  values: 


1972  0?0108  o;iio 

1973  0,0181  0,156 
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The  average  values  of  these  errors  for  the  years  1972  to  197l», 
in  comparison  with  other  PZT  stations » are  illustrated  in 
Figure  10.  The  outer  mean  errors  of  the  other  stations  were 
determined  from  the  residual  errors  in  the  system  of  the  BIH 
(6)  for  the  year  1973.  The  errors  of  the  time  determination 
vjere  reduced  to  the  equator  for  all  stations  and  transformed 
^nto  seconds  of  arc.  The  cross  in  Figure  10  designates  the 
average  value  of  alloohservatories . It  is  shown  that  the  qua- 
lity of  the  Potsdam  observations  is  equal  to  that  of  the  other 
PZT  stations  when  the  local  annual  variations  are  taken  into 
consideration,  as  this  was  done  in  the  same  manner  in  the  BIH 
for  the  other  stations. 


All  of  the  estimated  values  of  the  mean  errors  were  determined 
with  such  a large  number  of  degrees  of  freedom,  that  they  can 
be  considered  expected  values.  Information  about  confidence 
intervals  are  therefore  not  necessary. 
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Figure  10.  Comparison  of  Accuracy  vith  Other  PZT  Stations 
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ATTACHMENT:  Reaults  of  Experlaents 

Column  1 Sequential  Hvimber 

2 Date:  Month,  Day 

3 Modified  Julian  Date  for  the  Mean  of  the 
Observation 

Group  Number 

5 Number  of  Stars  of  the  Time  Determination 

6 UTO(PZT)  - UTC(ZIPE)  /"O.OOOl  second^/ 

7 Mean  Error  of  the  Time  Determination  0.001  second^/ 
6 Number  of  Stars  of  the  Latitude  Determination 

9 Observed  Latitude 

10  Mean  Error  of  the  Latitude  £ 0.001  second_7 
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